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By Robert Maclachlan and Iewls R. Fisher
SUMMARY

A wind-tunnel Investigatlon was conducted In straight and in pitching,
flow to determine the effects of Independently verylng aspect ratio and
angle of sweep on the longlitudinal rotary stability cha.ra.cteristics of a
series of ten untapersd wings. The wings had sweep angles of 0°, 45°,
and 60° for gach of three aspect ratios (1.34, 2.61, and 5.16) and & sweep
angle of -45° for aspect ratio 2.61.

The investigation showed the effects of aspect ratic and sweep to be
greatly interdependent. In every case the effect of varying angle of
sweep lincreased as the aspect ratio Increassd.

The dampling-in-pitch paramster generally became more negative with
increasing aspect ratio or angle of sweep, except at the lowest sweep

angles.

With Increasing angle of sweep, the positive value of the 1ift due
to pltching decreased sllightly at the high aspect ratloc. The effect of
increasing aspect ratlo on the 1lift due to pltching was elther negligi‘ble
or small.

The maximum damping-in-pitch value at zero 1ift was obtalned for the
high-aspect-ratio wing with 60° sweepback and smounted to &bout half of
the value that would be expected for a conventional alrplanse.

Available theory is found to be quite reliable in predicting the
trend of the variation of damping-In-plitch parameter with sweep and aspect
ratio. Theoretlcel values of the damping in pitch, although somewhat
greater 1n magnlitude, were nearly proportlonal to experimsntal values.

For the models tested, the application of an empirical factor to the theo-
retical values of the damping-in-pitch parameter resulted in good agree-
ment between theory and experiment.

INTRODUCTION

When an alrplene rotates about a lateral axis, as when entering
climbing or dilving flight, there are, in addition to the initial static



2 NACA RM No. L8G19

forces and moments acting on the alrplans, forces and moments resulting
from the pltching motion of the alrplene. The rotary stabillty derivativas
assoclated with these addltional forces and moments must be known before
calculations can be mede to determine the longitudinal dynamic stabillty

of the airplane or the longitudinasl motions of the alrplane after a control
displacement. Experimental determinations of these derivatives have besn
made by oscillating models in wind tunnels and by rotating models on
whirling-arm devices. (See references 1 and 2.) Both of these test pro-
cedures gave resulis for the damping in pitch but could not be conveniently
used to determine the other pitching derlivatives. All the pltching deriv-
atives can be determined rather simply, however, by the use of a test pro-
cedure wherein the model remains flxed and the alr stream is curved. Tals
method of testlng is now belng used at the lLangley stablility tunnel where

a comproehensive investigatlon 1s being conducted to determine the rotary
derivatives of wings of various plan forms.

The present paper contains the results of that part of tho investi-
gation that involved the testing in plitching flow of ten untapered wings
of various aspect ratiocs and angles of sweep. Also included herein i3 a
comparison between experimental data and available theory.

SYMBOLS

The results of these tests are presented in the form of standard
NACA coefficients of forces and moments which are referred to the otablility
axes. (Sse fig. 1.) All momsnts are given about the quarter-chord point
of the mean aerodynamic chord. The cosefflclents and symbols used herein
are dofined as follows:

L
C lift coefficient /,
: \F"
/M
Cm pitching-moment coefficient | ———r—o
lpVQSE
2
Cx longitudinal-force cosfficisnt (,l X,
_pVZS
\2
L lift, pounds
M piiching moment, about Y-axis, foot-pounds

X longitudinal force, pounds
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c1

Ql

I

mess density of air, slugs per cublc foot

free-stream velocity, feet per second

wing area, square feet

span of wing, measured normal to the plene of symmetry, feet
aspect ratio (bE/Eb

chord of wing, mesasured parallel to the plane of symmetry, feet

chord of wing, msasured normal to the leading edge, feet

2 /2
mean aerodynemic chord, feet 35 c::2 dy

spanwise distance, measured from plane of symmetry, feet

distance of quarter-chord point of any chordwlse sectlon from
leading edge of root sectlon, feet

distance from leadlng edge of root chord to quarter chord of
b/2
mean asrodynemlic chord, feet é cx dy
0
angle of attack, measured in plane of symmetry, degrees

angle of sweep, posltlve for sweepback, degrees

slope of sectlon 1lift curve, per degree (calculations based on
a. = 5.67 in this paper)

o]
pitching angular velocity, radlans per secaond
pitching-velocity parameter, ré.clia.n.s

distance from moment reference point to aserodynamic center of

mean asrodynamlc chord, posltive when moment reference point
is upstresm of the asrodynamic center, fest

acy,
slope of 1lift curve | —=
da

time, seconds
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APPARATUS AND TESTS

The investigation was conducted in the 6- by 6-foot curved-flow
test sectlon of the Langley stablllty tunnel. A description of this test
section and the method by whilch the curved flow is obtained may be found
in reference 3.

In the yawlng-flow procedure, described in reference 3, the model was
mounted horlzontally. The present plitching-flow procedure differed only
in that the model was mounted vertically (fig. 2) to simlate pitching
tlight.

The models tested (fig. 3) constlituted a series of ten untapered
wings all of which hed an NACA 0012 sectlon in planes normal to the
leading edge. These wings had sweep angles of 0°, 45°, and 60° for each
of thres aspect ratios (1.34, 2.61, and 5.16) and a swesp angle of -45°
for aspect ratio 2.61. The models were rigldly mounted at the quarter-
chord point of the mean asrodynamic chord on a single horizontal strut
which contained & six-component electrical strain-gags balance. (See fig. 2.).
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For mounting purposes, a cut-out which permitted an undesireble passags
of air between the strain-gage unit and the wing was made in all the models
excapt wings 5a, 6, 8, and 9. Three of the lower-aspect-ratio wings (1, 2,
and 4) were fitted wlth falred canoples which covered the cut-out and
effectively stopped the leakage. (See fig. 2.)

The tests were made -at a dynemlic pressure of 24.9 pounds per square
foot which 1s equivalent to a Mach number of 0.13. The angle-of-attack
range for each wing ran from approximately -4° to beyond the velue for
meximm 1ift.

In teble I are presented for each wing the sweep angle, aspsct ratlo,
test Reynolds number based on the chord parallel to the axis of symmetry,
test Reynolds number based on the chord normal to the leading edge, and the
values of ac/2V equivalent to the four degrees of curvature at which the
tests woere mads. The Rsynolds number normel to the leading edge is glven
becauss recent thought indicates that boundary-leyer thickness and sepa-
ration depend on the alr veloclty and wing chord normal to the leadlng edgs
of the wing. (See reference L.)

CORRECTIONS

Corrections for Jet-boundary effects were obtalned from unswept-wing
theory (reference 5) and applied to the angle of attack. Iift end pitching-
moment data were corrected for the effect of the static-pressure gradlent
peculiar to the curved-flow test sectlon (reference 3). No correctlons
were made for the effects of blocking, support-strut tares, or for any
effects of turbulence on the boundery-layer flow.

RESULTS AND DISCUSSION

Gensral

The statlic longitudinel characteristlcs of the models tested (obtained
from reference 6 and unpublished data) are given in figure 4. Since the
longitudinal-force data obtalned in pltching flow were not considered
sufficiently accurate to permit a reliable determination of CXq’ these

date. have been omitted from the present paper.

The valuses of Cmq and CLq given 1n this peper were obtained by
measuring the plotted slopes of Cp and Cr, =against qc/zv. Sample plots

of this type for the 45° sweptback wing with 2.61 aspect ratio (wing 5) are
glven In figure 5. In generel, no consistent nonlinear trends of the
coefficlents wore evident for the test range of qp/ZV. The slopes of the
curved wore defined satisfactorily.
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Pitching Moment Due to Pltching Velocity

The variation of the pltching stabillity derivative Cmq (an important

indication of the damping of the pitching motion) with 1ift coefficient is
given in figure 6.

In the present Investigation, the values of Cmq for each of the wings,

with the exceptlion of the high-aspect-ratlo, highly swept wings, were nearly
constant through the lower 1lift renge. The rapld changes with 1ift coef-
ficient in the values of Cmq for the high-aspect-ratio, highly swept wings

are believed to have been casused. by varlations in the asrodynamic centers of
these wings. The piltching-moment curves of figure 4 show the exlstence of
such varletlons at 1ift coefficlents corresponding tc those at which the
variations 1in Cmq occurred.

The experimentel wvalues of Cmq at zero lift are compared In figures T

and 8 with velues derived, for wings of the same plan forms, from the theo-
retlical equation

) N2

A&E.-t—e@} 1
(¢} c 3 2

Cmq_ = -ajcos A + .%‘E <._A_L8n_A_A>+.38:

A+ 2 cos A A + 6 cos

given in reference 7. The value of x', +the distance from the moment

reference polnt to the serodynamic center of the mean asrodynamlec chord,
was In thls investigation assumsd to be zero. The equation glves a good
indication of trends, but the values are numerically high. These values

might be expected to be high since the induction factor — 2 was

A+ 6 cog A

obtaeined from llfting-line theory which indlcates too high & 1ift load for
the aspect-ratio renge considered. By multiplylng thé value of the equation
by an empirlical factor 0.67, good agreement was reached between theory and
experiment, especlally at the higher aspect ratlos. It should be noted,
howsver, that such an empirical factor camnot be expected to apply for all
posgible configurations, for 1t would be too large at very low asgpect

ratios (as indicated in fig. 7) and too small at very high aspect ratios

for which the factor should approach 1.0.

A comparison of the results for Cmq (previously unpublished and

limited in scope to wing 5) obtained by the oscillation technique (refer-
ence 1) with those obtained by the curved-flow procedure is glven in figure 9.
The oscillation results, through most of the 1ift range, indlcate a higher
damping than was found by the curved-flow procedure. This higher damping
Probaebly results from the fact that the oscillation technique involves an
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addltional derivatlve Cmd (not teken into sccount in fig. 9) which would
be expected to be of such a sign as to increase the indicated Cmq The
two experimental procedures check very well with regard to the trend of
the variatlon of Cmq wilth 1ift.

Effect of aspect ratlio.- The effect of aspect ratic upon Cmq is

shown in figure 7 to be negligible for the unswept wings. As the sweep-
back angle was Ilncreased, however, aspect ratio had an Increasing effect
on the magnituds of cmq This interdependsnce of aspect ratic end sweep

is Indicated by the equation given for Cmq For the cases considered

the term contalning x'/c ang (x'/c)2 can bes neglected at least For
low 1ift coefficlents. The derivative Cmq, therefore, tends to be

32
increased by Sweep. through the term -—= —2-%8D%  ang tends to be
24 A + 6 cos A

decreased by sweep through the factor agcos A. At very low aspect ratios
the two effects may be almost equal in magnituds, in which case they would
cancel one another and result In a negligible sweep effect. At high aspect
3 2
ratios, however, the term L —A7tanA  poy 4o considerably more impar-
2L A + 6 cos A
tant than the factor aycos A, 1in which case the expected result of an

Incrsase in the angle of sweep would be a negative Increase in Cm(1 Whan-

ever an increment in Cmq developed because of an increase in aspect ratlo,

the changs was in the negative dlrection.

Effect of sweep.- As discussed 1n the previous paragraph, the effect
of sweep was largely dependent upon aspect ratio. At the lowest aspect
ratio (1.34), sweep had en almost negliglble effect on Crmg (fig. 8)3 at

the higher aspect ratios, however, increasing the sweep of a wing resulted
In an increase in the damping In pitch - a result similar to that attained
by increasing the tail length of en alrplens. For the 60° sweptback wing
with aspect ratio of 5.16, the valus of (1,11q at zero 1lift, which was the

maximim value obtalned, amounted to about half the valus that would bs
axpected for a conventional airplens (reference 1).

It may be noted that, according to the theory of reference T, if x' / c
is & constant (an assumption on which the theoretical values contalned
herein were based) the effect of sweep on Cmq iz the same regardless of

the dlrectlion of sweep. The pltching-momsnt results for the sweptforward
wing, however, were different from those for the sweptback wing. (See
fig. 4.} Over most of the 1lift rangs, the CIDCL slope for the sweptback

wing was positive while the CmCL for the sweptforward wing was negative.



8 NACA RM No. L8:19

The value of x'/c then must have been negative for the sweptback wing
and positive for the sweptforward wing. This difference in x'/c, as
can be seen from 1ts epplication in the equation, may account for at least
a part of the difference 1n the experimentel values of Cmq for the

sweptback and sweptforwerd wings having the same geoometrlc propertles.

*

Lift Due to Pitching Velocity

The semple varlations of Cy with ac/2V, presented in figure 5,

are of low magnitude and sppear to be somewhat erratic. It would be
expected then that a comparigon between the experimental values of 1ift
due to pitching CLq shown in fligure 10 and values calculated by use of

the following equation (reference T)

= (L '
GLQ—CEJ'EI?)CI&

would not be very conclusive. Such a comparison (figs. 11 and 12) shows,
however, that at zero 11ft, the experimental and calculated values of CLq

are in qualitative agreement, and that because of the low magnituds of the
values, the theory probably is sufficlently reliable for calculatlons.

The verlation of CLq with lncrease of aspect ratioc was negliglible

on the basls of the present investigation. (See fig. 11.) The effect of
gweep upon CLq was negligible at the low aspect ratio but became larger

at the higher aspect ratios at which a slight decrease in CLq with
Increase in sweep was noted. (See fig. 12.)

CONCLUSIONS

The results of low-sgpeed tests made In pitching flow in the Langley
stability tunmel to detexrmine the effect of independently varying angle
of sweep and aspect ratioc upon longltudinal rotary derivatives of untapered
wings indicate the following concluslons:

l. In general, the trends of the effects of varying aspect ratio and
gweep a8 glven by avallable theory were substantiated in the present
investigetion. Both experimental and theoretical re3ults indlcate that
the effects of aspect ratioc and sweep on the pltchlng derivatives are
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greatly interdependent. Theoretlical valuss of the dampling in piltch,
although somewhat higher in masgnitude, were nearly proporticnal to the
experimental valuss.

2. With the moment reference point at or nsar the wing asrodynamic
center, the damping-in-pltch paremeter was practlcally unaffected by an
increase in aspect ratio for unswept wings. As the sweep angle Increased,
however, an Increase in aspect ratio caused an Increase In the demping Iin
pitch. With constant aspect ratioc, increasing the angle of sweep generally
increased the demping 1n pitch. The maximum damping-in-pitch value obtained
at zero 1lift amounted to about half the value that would be expected for a
conventlonal airplane.

3. The effect on the 1lift due to pltching of changing aspect ratlio or
sweep was elther negligible or small. The 1ift due to pltching decreased
slightly with an increase 1In sweep, but the change was notlceable only at
the higher aspect ratios.

Langley Asronautical Laboratoxry
National Advisory Committee for Aeronsutics
langley Fleld, Va.
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TABIE I

DESCRIPTION (F MODELS AND T®ST CONDLTICNS

Rayﬁold.s number

Reynolds number

ﬁlng ??;el)) Aiﬁzgz based on. ¢ based on cp Pitching-v‘elocity
I3 end V end V cos A P&.I‘BJIIB"JBI-‘, %—v_

5a -45 2.61 1,100,000 550,000 0, .0123, .0260, .0342
1 0 1.34 1,580,000 1,580,000 0, .0177, .037k, .0Okg2
4 0 2.61 1,100,000 1,100,000 0, 0124, .0262, .0345
T 0 5.16 780,000 780,000 0, .0086, .0183, .0241
2 k5 1.34 1,560,000 780,000 0, .017h, .0370, .0LE6
5 45 2.61 - 1,100,000 550,000 0, .0123, .0260, .0342
8 b5 5,16 770,000 385,000 0, .0086, .0183, .0241
3 60 1.3k 1,560,000 390,000 0, .0173, .0368, .oh8k
6 60 2.61 1,080,000 270,000 0, .0l22, .0258, .0339
9 60 5.16 760,000 190,000 0, .0086, .0183, .0241

o ot e

6TOQT *ON W VOVK
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Figure 1.- Stability-axes system. Positive values of forces, moments,
and angles are indicated.
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Figure 2.- Model mounted for pitching-flow tests in the Langley stability tunnel.
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